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THE SYNTHESTS OF CATTELL'S BORM, CRONBACH ET AL. GENERALIZABILITY
THEORY AND BRUNSWIK'S LENS MODEL. A FRAMEWORK FOR IMPROVING CON-
STRUCT AND PREDICTIVE VALIDITY I

Werner W, Wittmann

University of Freiburg
Federal Republic of Germany

Psychometric theary has been one of psychology's stronger foundations and has
contributed a Tot toward recognizing psychology as a scientific discipline,Bes
ginning with the London Schoo) (Spearman , 1904, see Stanley 1971 or Eysenck,
1981) basic principles of psychometric theory led to the developnent of re-
spected intelligence tests and qave way to large and conprehensive testing
and assessment prograns especially in the United States. Reliability and vali-
dity fssues (Cronbach, 1984) attracted an uncounted magnitude of researchers
and led to a myriad of publications,

Yet in the last decade psychometric theory was the focus of harsh criticisn
(Lumsden, 1976), Weiss & Davison (1981) stated:
"Soneshere during the three-quarter century history of CTT (classical
test theory, inserted by the author) the real purpose of rel{ability
estination seems to have been Tost. Reliability coefficients in and
of thenselves have 1ittle utility for practical situations except for
conparing their magnitudes in order to justify the use of measuring.
instrusents,* (p.633)
Validity, espectally construct validity also was often labeled a5 *confusing"
{Cronbach, 1985).

In every science there 15 a tine for analysis and a tine for synthesis, In
psychometric theory time 15 ripe for synthesis,

A conprehensive theory should synthesize most of the major developments up to
the present, It {s not ny intention to deenphasize contributions by emnent
researchers by not mentfoning them. But in ny eyes, when talking about rel{-

(l): Pager delivered at San Francisco, (A, AERA ANNUAL NEETING, 1986, April 16-20;

Invited Symposiun, New Developments in Generalizability Theory. Internatfonal
Perspectives. (Chair: Noreen Webb),
Copyright 1986 by Werner N, Nittmann.
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14ty and validity, the pillars of the psychonetric mansion are Cattell's
(1966) basic data relation matrix (BORN), Cronbach et al, (1972), general-
122bi1ity theory and Brunswik's (1956) representative design,

If we try to understand change and vaiidity better than through paradoxes,
take Cronbach's (1367, 1976) complaints about the two disciplines of scien-
tfic psychology serfously, and really want to go "beyond the two disciplines
of scientific psychology* we have to integrate another pillar of the research
methiodology edifice, nanely that erected by the so-called Northwestern School
(Campbel, Cock, Boruch, see Glass, 1963),

BORM AND GENERALIZABILITY THEORY,

Cattell (1966, p.78) claimed that every psychological event {5 completa'y
described by eabedding it in the \bdinenstonal BDRN. These 10 coordinates are:
{1) person, (2} stinulus, (3) response, (4) situation-occasion, (5) observer,
() states of the person, (7) vardants of stinuli, (8) styles of response, {9)
phases of the environmental background, (10) conditions or states of the b
sevver. Cronbach (1984 b) {n honordng Cattell acknowledged the influence of
the BORM in developing generalizability theory, In Cronbach et al's, (1972)
terninology the coordinates are facets of generalization which are partitioned
according to ANOVA principles. Cattell {1966), using for reasons of simplicity,
only three coordinates also partitions the data box, thus denonstrating dif-
ferent factor analytic techniques, Fig, 1 shows the "unfolding", comparable to
d computer-printout accarding to a three dimensional data box consisting of
coordinates, persons, variables and occasions.,

Insert Fig. 1 sbout here.

Such & data box contatns only one ohservation per cube cell, but i eastly
concetvable as 2 replicated data box, containing nare than one observations
per cube cell, One can always arque how many coordinates are sufficient for
3 concrete research problem. | found it most essential that every researcher

have at Teast & hunch sbout what s/he wants, what s/he does not want, and what

1 sinoly randon error, Every BORM s deconposable 1nto vartance / covardance
"between wanted" facets (bw), "between unwanted" facets (bu) and “within wanted
and unwanted" facets (wuw) of generalization,
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For BORM's with one observation per fntersection of wanted and unwanted facets,
it 1s not possible to solate the interaction wanted x unwanted {wxu) from the
randon error () variance. But this 1s possible for replicated BORN'S,1.e. with
more than one observation per intersection.

Unreplicated BORM:

m ctot : cbu”bu”ww

@ Gy G b

The symbol for set union means, that in this case interaction and random error
are confounded,

Replicated BORK:
3 ctot : c!:va”:liu”:vt)zu”:e

How 15 relfability tied to the BORM? This 1s very easy. Rel{able varance s
true varfance. True variance {s tystematic variance, 1.e. not random error vare
fance, Thereforewe add over all sources of systematic variance, {.e.:

) Corge ® G * Oy * O

Sum over these variance / covariance matrices and sum over total matrix, to get
the true and total variance of the first centroid. Then stmply divide the two
to get the reliability coefficient for the first centroid of such a BORN:

I‘(EW 0, Cm) |
1

(5 r '

tt .
overall 1" “tot

Overall relfability is always the sun of reliability for wanted, unwanted, and
the interaction wanted x unwanted coordinates or facets.

(6) r . Py +Ty tF
ttovt!rall ttu ttu ttmtu

Generalizability coefficients are easily derivable.Nith these coefficients we
want only to generalize over the wanted, unwanted , nteraction or combinations
of these facets, The base for comparing generalizable varfance is then only
wanted or unwanted variance etc., plus random error variance:

] cbw'
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Generalizability coefficients are incomensurable and camnot easily be sumed
up, whereas our former coefficients are. Myltivariate reliability coefficients

are easily developed using Cohen's {1982) set correlation systen (Wittnann, fn
press).

The BORN as n Fig. 1 can be partitioned according to otherfacets than persons,
This Teads to the well known techniques of factor analysis or in generalizabilit
theory, to what Cardinet, Tourneur and A1T31 (1976) have demonstrated.

The Cardinet-, Tourneur- and Al1al-symetry means developing generalizability
coeffictents for the other possible partitionings of the BORM,

Relfability is best defined as a set of answers to questions of repeatability,
This 15 nowhere more visible than in the partitioning of the BORN,

What 15 won 1n knowing these relfabi}ity or generalizability coefficients 7
Reliability is a prerequisite for validity and you have to make sure that the
wanted aspects of your research progran are repeatable. What should be done
when the magnitude of your wanted reliability coefficient or component {s not
high encugh 7 Most often we use the Spearman-Brown prophecy formula and try

to Tengthen our tests, If we do it practically we use aggregation (Epstein, 1983)
How does aggregation work ?
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after some manipulation;
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or for wanted variance:
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We rust always be sure to have parallel tests for our anted companents,

mueunsmwMMasmumnmmasmﬁmhmmrumﬂtommmm
variance,

Eq.15) can be sumarized as follows; Rel{abi 14ty concetved a5 a general
concept of science depends on variabi)ity of winted, unwanted and error
facets. Ke can influence retdability through

(1) Choosing greater heterogenity with respect to wanted variance:
I'Cb" 1. Humphreys (1962, 1979) has always made this proposal,

(2) Creater homogenity of unwanted vardance, arrived at through
cancellation of different heterogenaus Components, to decrease
l'cbul.

WMMMMHNHMNMMMMME%MWN
decreasing I'Cbul. I'cuxu 1 and I‘cel by factor &,

(4) Mindnizing the ratio of unwanted to wanted varfance I'(Cbu+c"lu)1 /
I' Cb" 1
S0 far nothing has been satd about walidity, though often, falsely in ny
eyes, generalizability to a universe of content 5 related to wlidity (i.e.

construct valddity). The relationships between relfability and validity can
best be conceptualized with four separate data boxes,

6

THE FOUR BOX CONCEPTION

Four data boxes are necessary to depict most of psychology's research problens,
The first box 15 a predictor box, Box nunber 2 4s the criterion box. Box

nunber 3 15 an experinental treatment box, where persons are randonly assigned
to planned treatnents. Box 4 15 the nonexperinental treatment box, containing
treatnents where randonization 15 not possible or containing unplanned treat-
ments with positive or negative fnfluence for criterion boxes, Fig. 2 gives

& pictorfal representation of the four box tonception,

Insert Fig. 2 about here,

It 1s fmediately evident that questions of reliability for the predictor box
4 the criterion Lox can be asked,although we will also recognize that
MMMHMWMMMMWMMMMWWM“WMF

ility of predictors, Partitioning leads to relfability for the predictor
box:

e
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(etebox) or an unplamed {ntr+box) treatment. How can one develop & formula



for 1t 7 In ANOVA notation we partition total vardance (V ot ) in varfance
between (ba) and within groups (wq). To obtatn 2 reliability forula for an

etr-box we divide the systematic (true) variance {ba) by total vardance, f.e.:
etr
II

(19) r::' . '
L l'(v::N &

However, within groups, all subjects are assigned the sane seore {either one
or 260 when using dumy coding), Thus the variance within {s always a zero
matrix and the relability of an experinental treatment box i always one |

In the 1deal experinent it 15 assused that through proper randomization and
operationalzation each subject recetves the same amount of treatment or no
treatment, In reality however, the varability within groups can be enormous
and the reliability of the planned treatment spproaches zero, Treatment as

intended has no effoct then, 1.e. does not correlate with criterda, F.e,
modification of eq, (18), 1.6,

"etr ot O because r::: is zer0

or 50 10w, thus attenuating a true cancor (08%,cr) 5o much, that it does pot
 reach significance,

This does not mean that variability within groups camnot correlate with cri-
terfa, this 15 an independent possibility, To {1luninate this problen further,
¥e Can compare 1t to Murrdy's concept of o~ and ﬁ press,

Regressing boxes on each other can be done via set correlation, Cohen (1982;
Cohen & Cohen, 1983) have already develope, prepared and sharpened that

tool,

Regressing criterion boxes on treatnent boxes and predictor boxes 1s the route
experinentalists prefer, This arrangement of the “four-hos- =conception-nap*shows
the Northwestern passage, Campbel, Cook, Boruch et a1, fron Northwestern Uni
versity recomended it over all these years as the best research desion f.e.
in evaluation research 1f this randomzation is feastble, Cronbach {1982, in
the sane area, preferred the Southwestern passage « regressing criterion boxes
on vonexpertmental treatnent and predictor boxes, with the assumption of gb-
tafning more generalizable results for real world problens,

The fmpl{cit continuum in Fig, 2 between etr-box and ntrebox can be regarded
85 the gradual flow from true experinents to quasi-esperiments.

Relating these four boxes means trying to answer questions of validity, which
fnclude prediction and explanation.To obtain successful prediction and ex-
planation we urgently need & principle of symetry.

“BRUNSHIK SYWETRY; PRINCIPLES FOR SUCCESSFUL PREDICTION AND EXPLANATION,

In science, principles of symetry often Tead to new discoveries and solution
of long standing prablems. Brunswik's lens mdel has this built fn beauty. |
have used a hierarchical version of the lens model to {)lustrate how success-
ful prediction works (Wittmann, in press), Fig, 3 {1lustrates how predictor
boxes and r: sterdon boxes should look 1f we use hierarchical (f.e. personality)
models. Only symetrical relationships are fair tests of validity,

Insert Fig. 3 about here,

A unfair test s f.e, relating a broad secondary factor with a single act
behavioral criterion either in personality or aptitude research and hoping for
3 high correlation, Correlations batween boxes can only be optinal under con-
ditions of .od reltability and symetry. The boxes have to contain symetrical
conponents. In terms of the lens model equation (Tucker, 1964) the correlation
between boxes f.e. pr and cr is:

(20) v LI T | o "1{.? '
procr - pry or pr wpr,chI Rpr IRcr

Gpr. or {5 the correlation between 11nearly predictable pr-boxes and linearly
predictable cr-boxes, Rpr and Rcr are riple correlation caeffictents mapping
the 1inear predictability of pr or cr conponents, respectively.

S0 far nothing in Eq, 20 1 said about reliabitity, Gpr cp ©0 be attenuated as
1)
every coefficient of validity.

b

(21) G;:":r PR— | » Which means
pr
'tt tt



(22 6 sy ferE e
ryer rtt" rttu Gpr, o

Gp rer conpared to the true relationship, 1 attenuated by the Lquare root

of the product of the reliability coefficients of wanted variance in predictor
and criterion box, Substituting eq. (22) 1n eq, (20) and dropping the non-
linear term for convendence and ¢larity, gives:

1) Torycr s Lo e g g

o e e er
tt, t,

£q.(23) shows how a true correlation can be attenuated. First through lack of
relfabi 1ty of the predictor box vartables, second through Tack of rel{ability
of criterion box varfables, third through Tack of construct reliability of
the predictor box variables and fourth throuh lack of construct reliability

of the criterfon box variables {or construct indicators).

| prefer to label Rpr or ltcr as construct reliability, meaning the amount of
overlap of our ndicators with intended or wanted constructs. The term vali-
dity should be reserved for relating different constructs.

Boruch & Gomez (1977) have proposed overlap indices between {ntended and

actually measured aspects of treatment and response variables. Lefnhardt § See-

wald {1981) discuss n instructional research such overlap between what fs
taught and what s tested as a cructal point in evaluating curricula. In the
lens mode] equation these overlap indices already have a numerical solution,
I'must quickly enphasize that these indices are only realistically neasursble
or estinable 1f we know what we want, Should we want to measure 2 construct
at a secondary or & primary level, how 1arge or narrow should the breadth
of the construct be ? Hore general constructs have a lower family resemd)ance
of constituting elements (Nittgenstein, 1953) than constructs at 2 lower Tevel
of generality. The popular protatyoe approach 1s: in danger of 100sing breadth,
leading possibly to constructs of a lower level, Overlap or construct reli-
abi1ity can be lowered by too few or by too many fndicators for a wanted con-
struct. In the first case relevant indicators are missing, 1n the second case
unwented fndicators are included. Remember that asymetry is symetrical in
both directions | Under ideal circumstances Rpr-Rcr * ] should hold and the
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same nust be true for all other pafrwise relations between boxes. But pay
attention also that this does not automatically tel) you at what level of
generality you are.

We could draw many interesting relationships between all four boxes with
instghts in measurenents of change and how most paradoxes of classical test
theory vanish under such an approach (see Wittnann, fn press). But there

5 no place to demonstrate al1 that here,

Let us conclude with an empirical exanple from intell1gence and school
achievenent research, f.e, relating the pr-and cr-bores,

PREDICTING SCHOOL GRADES AND OTHER KINDS OF AGGREGATED CRITERIA FROM THE
BERLIN MODEL OF INTELLIGENCE.

The Berlin nodel of {ntelligence (Jiger, 1982, 1984) nowadays fs the nost
proninent model concerning structure of ntelligence n german speaking
Europe. A short description of the mode! and how it had been developed by
principles of systematic aggregation 1 given in Wittmann (in press). The
model has as many psychometric models a herarchical structure, At the
bottom 48 test are grouped in four factors of an operation mode and three
factors of  content mode. The content modelCN)factors are Nunber (NCA),
Figure (FCN) and Verbal {VCN). The operation mode (0P) contain aggreqates
of more process-1ike aspects of intell{gence:

Speed on tasks (SOP), Memory (WOP), Creativity (COP) and Processing capact-
ty for complex information (POP). These seven factors constitute a kind of
primary factor level. The twp modes as broader factor classes can be re-
garded as a secondary leve) and g-intelligence as an aggregate over all seven
factors at the top of the pyranide. We are already accustamed to laying the
hierarchy on the side in the Tens model franework, Fig. 4 shows this model,

Insert Fig. 4 about here,

Perception mediately forces us to ook for a symetric structure at the
criterton side {cr-box) and to ask what kind of criteria ye can predict with
such & model. Adnittedly we do not know, But Jiger (1982) in addition to
measuring his mode! compqnents. had gathered school grades, {nterests, and

11



factoranalytically derived scales of self-avaluated abilities in different
areas of the content and operstion mode. The seaple analyzed hare consisted

of 545 (209 male and 256 famale) “Gymnasiun"-pupils (g0 16:21 with arithm,
nein 11,8 yaars) from Berlin schools,

WIth thase cr-box variables we can try differantly dggregated varfables to
find from which Tevel of generality they are bast explained, In relating
different sets of varfables from preand creboxes we used set-corralaticn
(Cohen, 1982; Cohen § Conen, 1983) as multivariate coreelation and fn
relating single vartables or single aggrogated Indices with sets of varl:
D165 wo used herarchical mltiple regression amalysis,

The squared and unsquared {in parenthests) set correlations between school

qrades (S) a8 4 set (300 Tab. 1 for the 1st of grades used, tota) grade
mt {ncluded) were s follows,

Nith the set of four oparative factors (0°):
gy (s,

with the set of three content factors (CN):
?

RS.IN o 308 (.5760)

with the set of four operative and three content factors {OPIN):

{
lS, oy ¢ 4 LL688N)

Partiol sat correlations of school grades with content factors, operative
factors partiaied out of each set:

oo * 01 (4850)

partial sat correlation of school grades with operative factors, content
factors partialed out of each set:

Rsz.cn’op.c" v 2456 (.3816)

These set correlations indicate that the Berlin mode] fs 8 good predictor of
school grades (as we have known for 4 long time from good Intelligence tests),
From the perspective of differantial validity, the content factors show o
higher validity then the operative factors. be do not know why,but can specu-
Tate that through the vary process of grading, operative factors are eggre.

geted out,dininished or thase aptitudes are mot graded. Regarding the restric-

tion of range with respect to intelligence in a “Gymnasiun"sasple all corre-
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Tat{ons are severely underestinated,

Table 1 shows the result of single grades, otal {cumlative) grade and
to more conplex conposites ustng multiple regression, Operative factors
(OPFAC) and content factors {CNFAC) are correlated. We used commonal {1y
analysts (Cooley & Lohnes, 1976) to orthogonalize both facter classes fn
unique OPFAC lUSP). in unique CNFAC (Ugu) &nd the comonal ity between the
two sets ‘COPCN)' We now see nore clearly the predictive validity of each
Tevel of generality regressed on thase cr-variables. CN-factors have the
highest coefficients, although in some grades there is an advantage of OP-
factors. Interastingly this 15 most obvious in politics/history, Separate

analysis for that grade showed that creativity (COP) was the single best
predictor,

The three highest validities were found for the two complex composites and
grades n mathenatics. The numbers in parenthests are conputed dccording

to KNemar (1949,p.126)under the very conservative dssumption that the sample
of “Gynnastun”-pupi1s are restricted in range conpared to the total popula-
tion of 2/3 with respect to standard deviation. Rpproximately 20% of an

dge cohort visit "Gymnasiun* {n Germany,

Insert Table 1 about here.

The two composites AGGNAWI and AGGEINI represent Europesn philosophers
beloved distinction between "Naturwissenschaften® and "Geisteswissenschaften”
(see Legend Tab, 1),

Obviously most symmetrical to the seven factors of the Berlin intell1gence
model 15 a conplex conpound of achievement in science classes, interests and
personality, g-intelligence also predicts this index best, though to a much
smaller degree than the seven factors. Total average grade 1s the third best
predicted criterfon fron g and here we see no difference(after considering
shrinkage) conpared to the prediction from the seven factors.

Very astonishing {5 the zero correlation of g with AGGEINI,

_Tab. 2. and b show the Merarchical regression of AGGNANI and AGGEIN! on

the seven factors. In Tab. 2 a.ve see that Number (NCN) correlates with a
different sign than Verbal (YCN). Thus aptitudes cancel each other and the
tero correlation becones explainable. We also see that Number (NCN) and

13
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Figure (FCN) are suppressor variables.

Both suppress frrelevant variance in creativity (COP), Partialed creativity,
which neans creativity fn numerical and figural tasks partialed out,is the
best predictor of AGGEINI. This partialed creativity is than best described
35 verbal creativity, Supressors always give hints that a more symetrical
relationship s obtainsble at a Tower Tevel of generality where irrelevant
(unwanted) components are removed. Looking at AGGNAMI we need at least four
fron the seven factors n an additive 1inear equation to explain the cri
terion varfable. These factors stem from both modes, 1.e. processing capa-
city (POP), speed on tasks (SOP) from the operation mode and number (NCH)
and figure (FCN) from the content mode.

The results are embarassing to the beloved distinction mentioned above
hetween "naturwissenschaftliche" and “gefsteswissenschaft!iche" educationa!
achievenents. One can often hear that the 1atter are more differentisted and
need more complex aptitudes constellations, in contrast to the more "narrow-
minded" science adherents, advocates who only deal with nunbers and figures.
From the pofnt of view of this exploratory analysis quite the opposite seems
to be true.

1 hope 1 was able to whet your appetite for these concepts and at the same
tine convince you that the synthesis propased really 1 an {mprovement of
construct and predictive validity.
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